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described in pertinent parts of the specifications. It
was specified that the foundation area be stripped to
sound bedrock and all cracks and crevaces filled with a
thin grout broomed over the rock. As indicated on

Plate 2, a shallow cutoff wall was installed at the up-
stream toe , and the core and downstre am toe were keyed
into the foundation rock. Footings were apparently

carried well into the abutments , beyond the win g walls
(Plate 2 ) .

It was specified that the concrete in the core be
placed in 6-inch layers and that the upstream and down-
stream faces be carr ied up alon g with the core , keeping

about 3 feet higher than the core. The core wall was to

be constructed without continuous horizontal or vertical
joints, and the stones were to be placed 6 inches apart.

The coping stones on the spiliway were to be anchored to
the dam with iron bolts and tied to each other with
clamps.

2.3 Operation

There is a staff gage at the dam but records of re-

servoir levels are not kept by the owner. A U. S. Geo-
logical Survey gaging station is maintained just upstream

of the dam.

Some records of maintenance work and inspections are

available as described in Section 4.2. There are no

moni tor ing devices on the dam.

2.4 Evaluation 
•

a. Availability

Data on desi gn and construction are limited to speci-
fications and as—built drawings. Some data are available

on maintenance and repair work . All available data are

~~
• 

~~~~~~ 

listed in Appendix A.
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b. Adequacy

— Ava i l ab le  data ,ire i n s u f f i c i e n t  to  adequately evalu—
• ate the desiqn .  Ca l cu l a t i ons  r e l at i n q  to the structur~’l

desi~in of the darn or the s t . i h i l i t y  of t h u ~—b u l l t

s t r u c t u re  ar c not availabh ’ . Knowledge of construc t ion

methods is limited , and noth  in ~: Is known of a s — t ~u ii t
material pert los. Foundat ion co nd it ions  are not  well

known.

c. Validity

spec i f ic.it ions di f for  In c e rt  a in respects from the

manner in which the dam was a ct u a l  ly constructed , but

w i t h respect t o  t he foundation t rea t mont and masonry ~~~~
s t ruct  ion , the ~;poc i 

f i cat ons are t~el loved to approx ima t e

the const ru ct ion practices that were act ua l  ly followed.

The a s — b u i l t  dr aw I nqs , a] thouQh old , appear to reflect

the present  confi .iurati ion of the darn.

I.’
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SECTION 3: VISUAL INSPECT ION

3.1 Findings

a. General

The visual inspections of Ravine Lake Dam were
made on December 4 and 21, 1978. The water surface ele-

vation at the time of the first inspection was 226.75

feet, or just above the crest of the main spillway

section. No releases were being made through the out-

lets at the t ime .

The visual inspection did not reveal any critical
signs of distress in the dam. Seepage was observed at

several locations on the dam but none appeared to be of

a critical nature. The emergency outlet is not operated

on a regular basis and the manhole housing this  valve
was filled with water.

(_ _
Detailed inspection was made of the dam , appurtenant

structures, reservoir area, and the downstream channel .
Descriptions of the f indings of these inspections are
summarized in the paragraphs which follow. The check-

list of visual inspection items is included in Appendix A.

Geologic and foundation conditions observed at the t ime
of inspection are noted in greater detail in Section 2 .l-a.

b. Dam

The dam was inspected for signs of set t lement,  seep-
age, spalling, cracking and any other evidence of un-
desirable behavior which might affect the stability of
the structure. Because water was flowing over the entire

length of spillway, much of the downstream face of the

dam was not accessible for inspection (Photo U.

Several areas of leakage were observed on the down -
stream face of the dam. Three small leaks were observed

,

• (
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on the left (east) side of the dam near the 6-inch valve

chamber. The seepage is through the mortar joints, and
the adjacent rock masonry is commonly iron-stained .
On the right (west) side of the dam several leaks, to-
taling about 0 .5  gpm , were noted about 10 feet below
the crest of the dam (Photo 2 ) .

At the j unction of the dam and the right abutment
there was seepage of about 3 gpm at a point 11 feet below
the dam crest (Photo 3). The seepage appears to be ori-
ginating in the abutment and probably represents flow
through joints or fractures in the bedrock.

Little of the upstream face of the dam was visible.
The mortar on the uncoursed rubble wall appeared to be
sound , inso far  as could be observed (Photo 4 ) .

c. Appurtenant Structures

• Spillway

At the time of inspection the major  flow of water
was through the depressed centra l section of the spill-

way, with lesser flow over the storm overflow sections
on either side. Although it was not possible to closely
inspect the spiliway , the uniform flow of water indi-
cated that there were no major discontinuities or failures
of the sill (Photo 5).

Outlets

The manhole housing the 6-inch outlet valve on the

left side of the dam was dry and appeared to be in satis-
factory condition (Photo 6). A log boom is installed

over the inlet in the reservoir (Photo 4).

The 48-inch emergency outlet on the right side of

the dam showed no indication of leakage (Photo 7). An

8-inch thick grani te  slab wi th  a 4- inch diameter ho le in

CI 11
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it covers the manhole housing the emergency outlet
valve (Photo 8). In event of an emergency this slab
would be d i f f icult to move . The manhole was filled

with water to the level of the reservoir, a condition

noted in previous inspections (Appendix D).

d. Reservoir Area

Water in the reservoir appeared to be clean and
without odor. Only a minor amount of debris was noted,
but the steep wooded slopes do afford debris potential

(Photo 9). The slopes appear to be stable and there is

no indication of previous slides. Some sedimentation

was noted at the abutments. Previous reports indicate

a siltation problem.

On the foundation of the gaging station on the left

bank, the high water mark of the 1971 Hurricane Doria
flood is noted (Photo 10). Thi s and other floods over-
topped the dam.

e. Downstream Channel

A stilling pool extends about 200 feet downstream

of the dam. The river below the pool is slightly meander-

ing and has a steep gradient (Photo 11). Slopes on the

right bank are steep and wooded and those on the left
bank are moderately steep. A bridge about ¼ mile down-
stream has partially failed and 2 of the arched openings

have been filled with gravel (Photo 12). Several houses

are located on the left bank near this bridge.

12o 
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SECTION 4: OPERATIONAL PROCEDURES

4 .1 Procedures

The reservoir is operated primarily for its scenic

and recreational value and only secondarily as a source
of water that is pumped to a nearby estate during summer
months . There is no regulation of reservoir levels
other than for occasional inspections and maintenance
work.

Siltation has been a problem and as early as 1915

there was an accumulation of 12 feet of sediments behind

the darn (see Appendix D, de B. Parsons report). The

upper end of the lake was apparently dredged in about
1949 (Plate 4 ) .  The present depth of sediments behind
the dam is not known .

4.2 Maintenance of Darn

Reports were obtained on S previous dam inspections
dating from 1915 to 1973. These reports are included
herein as Appendix D. The leakages through the dam at

the right abutment which were noted in the present in-
spection are apparently the same as those reported in

- 
• previous inspections . The report by Agpar Associates

in 1973 noted a sewage odor from seepage at the right

abutment. This odor was not detected during the present

inspection and it is suggested that the odor may have
resulted from seepage of s tagnant  reservoir water under
conditions of therma l s t ra t i f icat ion that  could have
prevailed at the time of the forme r inspection .

No records of maintenance work were available and

it is not known whether the recommendations of previous

inspection reports were implemented.

13
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Other than the s taff  gage , there are no instrumentation
or monitoring systems on the dam or reservoir.

4.3 Maintenance of Operating Facilities

The emergency outlet is apparently operated only oc-

casionauly. The manhole housing the valve controls is

flooded and has been for some time. The valve is reported
4

to be difficult to operate. It is not known what main-
tenance work has been done.

4.4 Description of Warning Systems

There is apparently no warning system or emergency
contingency plan in event of possible failure of the dam.

4.5 Evaluation of Operational Ad~~uacy

Records indicate that there have been some infrequent
inspections of the dam, including some inspections made
when the reservoir has been drawn down. No records are

available on what maintenance work was done as a result of
these inspections.

Access to the emergency outlet controls is difficult,
since the controls are remote from the highway . The

granite slab covering the control manhole is very heavy
and would be difficult to remove. It is not known whether

the controls can be operated when the manhole is flooded ,

as it now is. If not, the necessity of pumping out this
water before operating the valve would impose a serious -

s -

operational shortcoming.

14
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data

The capacity of Ravine Lake is estimated to be 320

acre-feet at the spiliway crest and 500 acre-feet at the

top of dam. The structural height is 45.4 feet. In ac-
cordance with Corps ’ guidelines , the dam is classified
as intermediate size . There are several dwellings near
the river banks downstream of the dam and , therefore ,
failure or misoperation of the dam would result in an
exc ess ive downs tream hazar d and loss of lives and pro-
perty damage. In accordance with the Corps ’ Guide-
lines , the dam is classified as high hazard and the
Spiliway Design Flood (SDF ) is the Probab le Maximum
Flood (PMF).

Data obtained from State files indicated the drainage

basin area of the dam is 26.2 square miles. Elevations

range from a maximum of about 1100 feet mean sea level
along the northern perimeter of the drainage basin to
about 240 feet mean sea level in the valley floor. Only :
a small portion of the land within the watershed is occu-
pied by commercial, industrial or residential develop-

ment. About 0.2 percent of the watershed area is the
reservoir of the dam. The draina ge basin is delinea ted
on a U.S.G.S. topographic map and is presented on Plate

E-l, Appendix E.

The hydraulic and hydrologic features of the dam
were evaluated using criteria set forth in the Corps

of Engineers , “Recommended Guidelines for Safety Inspec-

C tion of Dams , ” and additional guidance and criteria

• provided by the Philadelphia District, Corps of Engineers.

15
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The analysis was conducted using the Corps ’ compu ter
program HEC-l , Dam Break Vers ion , (HEC-l , DB).

The Philadelphia Dis t r ic t  of the Corps of Engineers
supplied the PMF inf low hydrograph to be used in the
analysis of Ravine Lake Darn. Using this inflow hydro-

graph , the HEC—]., DB program computed the peak infl~~s

of the 5 percent , 25 percent, 50 percent and 100 percent
PMF . These discharges are 1700 cfs , 8500 cfs , 17000
cfs , and 34000 cfs , respectively .

The various percentages of the PMF inflow hydrograph

were routed through the reservoir using the Modified

Puls Method by the HEC-l , DB program . The peak outflow
discharges of the 5 percent , 25 percent , 50 percent and

100 percent PMF were calculated to be approximate ly 1630
cfs , 8270 cfs, 16530 cfs and 31600 cfs , respectively .

The flood routings indicate that all floods greater

than about 10 percent of the PMF will overtop the dam.
A plot of percent PMF versus peak outf low discharge
is presented as Plate E-2 in Appendix E .

The spillway and overtop stage-discharge rating curve
used in the flood routings was calculated using the weir
equation and assuming free overflow across the entire
length of the dam and spillway . The spiliway is a 6.3-

feet wide broad crested weir with a reported discharge
coefficient of 2 .9 .  The reservoir stage-storage curve
was determined from U.S.G.S. 7.5-minute topographic maps

and data obtained from State files. This stage—storage

curve was extended above the dam crest to include

surcharge storage during peak flood discharges . In the

reservoir routing computations possible discharges
through the outlet works were excluded because their
capacity is small compared to the PMF and because of

- • the possibility that the outlet valves may be closed.

16



U The stage-storage and the spillway and overtop stage-

discharge curves are presented in Appendix E as Plates

E-3 and E-4, respectively.

The various percentages of the PMF were routed 2.7

mi les downstream through three successive reaches to the
communities of Bedminster and Far Hills . These routings
were made to determine downstream flooding character—

istics without dam failure. These flooding character-

istics were compared to those that would result assuming

the dam fails because of the inadequate capacity of its

spiliway . From this compar ison the seriousness of the
spillway ’s inadequacy was assessed.

The hydraulic parameters used in the HEC-IDB

program for the downstream routing calculations were
estimated based on observations made in the field

and information obtained from U.S.G.S. topographic

maps . The locations of the channel cross-sections used
in these routings are shown on page E-4 , Appendix E.

rhe HEC-1DB computer program was not used as a

model for the fa i lure  of Ravine Lake Dam because if
the dam were to fai l  it would fa i l  rapidly and comp lete ly
and at a time when it is being overtopped a s ign i f ican t
amount. Under these failure conditions the HEC-1DB

program gives erroneous answers for the reason discussed
in the follow ing paragraph .

From discussions with Mr. Paul Ely of the Corps ’
I{EC cen ter in Davis , California , it was learned that in

the dam break flood routing calculations the HEC- 1DB
program does not subtract from the total spiliway , dam
crest and breach outflow discharges the discharge over
the dam crest that occurs in the breached section of the
darn. This “double counting” of flows results in a large
overestimate of the peak outflow discharge whenever

17
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(. f low over the top of darn represents a signi f icant  portion
of the calculated peak outf low dischar ge and when the
breach width is a s ignif icant  portion of the dam crest
length.

In or der to assess the increase in c~w ns tream floo d

hazard resulting from dam fa i lure  the teak dam break
discharge was calculated manually . In these calculations

it was assume d the dam would fail completely and instantan-
eously and at the time of maximum overtopping. The peak

outf low discharges at the damsite were calculated
using dam—break flow velocities and depths presented in
text books on open channel hydraulics ].. Peak discharges

at downstream locations were estimated using attentuation
f actors , i . e . ,  the ratios of downstream discharge to
damsi te dischar ge , that were calculated by HEC-1DB
program for the non-breach analysis.

In this manner , the flooding characteristics at the
communities of Bedmins ter and Far Hills w ere es tima ted
assuming darn failure. The following tabulation compares
these characteristics with the flooding characteristics
assumin g no failure of the dam and indicates that those
structures described in Section 1.2d would probably be

inundated. 25% PMF 50% PMF 100% PMF
No Breaching

Peak Discharge , cfs 797 0 159~ 0 3 1260

Peak Flow Depth , ft 9.4 12.3 1’.l

Peak Flow Width , ft 350 4 9 4 )  66 0
Peak Flow Velocity , fps 5.0 5.3 5.

Breaching

Peak Discharge , cfs 49890 58500 73280

Peak Flow Depth , ft 2 0 . 7  2 2 . 0  2 4 . 0

Peak Flow Width, ft 755 780 820

Peak Flow Veloc ity , fps 6.2 6.5 6.9

C
1See Henderson , “Open Channe l Hy drau lics ,” Macmillan Series
in Civil Engineering, 1966, p. 304.
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As shown in the above tabulation , there is a signi-

ficant increase in the downstream flood depth and, there-
for , a si gnif ican t increas e in the hazar d to los s of
life and property damage should the dam fail.

It is repor ted that the only emergency dra in for
the reservoir is a 48-inch diameter pipe through the

darn . No detai led informa tion on this drain is ava il-
able. Using the orifice flow equation , the time re-

quired to drain the reservoir from a spili.way rull
condition was calculated to be about 19 hours. This

es timate assumes no tailw ater and no inflow s in to the
reservoir.

b . Experience Data

Records of lake levels are not maintained for  this
site , although there is a gaging station at the damsite .
The reservoir is unregulated , used for recreation and

- 

~ 
therefore is generall y at or near its spillway level.
It is known that the darn has been overtopped several

times but  the damages r..~su1ting from these floods is
not known.

c. Visual Observations

There is a well-defined channel downstream of the

embankment. Dwell ings were observ ed on the le f t  bank
of the immediate downstream channel. The flood plain
below the darn contains a fairly dense stand of medium
and small trees with some undergrowth (Photos 11 and 12) .

d. Overtopping Potential
— As indicated in Section 5.1-a , the Rav ine Lake Darn

spillway can pass only 10 percent of the P4F . Downstream
flooding hazards that would result should the darn fa i l
are sign if ican tly higher than those that would exist
without failure or just prior to failure. In accordance

1) with the Corps ’ guidelines , the existing spillway for

Ravine Lake Datu is classified as Seriously Inadequate .
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SECTION 6: STR ICTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations

There are no visi ble indications of any major
distress in the dam . The stone masonry shows no signs
of deterioration but the mortar between the stones re-
quires some maintenance. The spiliway crest could not
be closely inspected, but the flow of water ove r the
crest is uniform.

There are a number of small leaks eminating from
the nortar joints on the face of the darn . Most or all
of these leaks have been noted in previous inspections.

In an inspection made in 1973 , when the reservoir had
been lowere d below the spiliway leve l, the total leakage

• through , around and under the dam was estimated to be
about 35 gpm (Appendix D, Apgar Associates). The same
inspector s estimated an additional flow of 15 gpm from
the seep in the right abutment. The rate of seepage
from this same location was estimated to be about 3 gpm

at the time of the present inspection. It is believed

that the leakage through the dam and the seepage from
the right abutment do not impair the structural stability
of the dam. Any future increase in the rate of seepage
or leakage woul d, of course, be cause for concern .

b. Design and Construction Data

No design drawings or calculations are available.

The drawings that are available are believed to repre-

sent the as—built configuration of the dam (Plates 2

and 3). The drawings show little detail and there is

no informa tion on the 2 outlets or certain details suc h

20
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as the retaining walls on the left  abutment. Of signi-
ficance, though , are details shown of the foundation ,
which is indicated to extend into bedrock and well into
both abutments on either side of the darn . Since the

dam has been overtopped several t imes, the ex tension of
the foundation into the abutments contributes to the

stability to this part of the structure. The arched

shape of the dam undoubtedly contributes to the stability

also .

c. Operating Records

There are no operating records of the reservoir,

since it is not regulated . There are records of in-
spections of the dam but no recor ds of repairs or imple—
inentation of recommendations as set forth in the inspection
repo rts.

d. Post-Construction Changes

No major post-construction changes to the dam are
known to have been made. Compacted fill was apparently

placed on the left abutment to replace soil washed out

by the 1971 storm (Appendix D, Apgar Associates).

e. Seismic Stability

The dam is located in Seismic Zone 1, in which it
may generally be assumed that there is no hazard from

earthquake , provided static stabil i ty conditions are
satisfactory and conventional safety margins exist. How—

ever , as pointed out in Section 2.1—a , the dam is less

than 5 miles from a possible continuation of the seis-

mically active Ramapo fault. Data are insufficient at

this time to assess seismic stability , should a signifi-

cant earthquake occur along this fault in the vicinity

of the dam.

21
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SECTION 7 : ASSESSMENT , RECOMMENDAT IONS
AND PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety
The spillway of the darn is seriously inadequate and

can pass only about 10 percent of the Probable Maximum
Flood. The dam is known to have been overtopped as

early as 1901 and as recently as 1971. Considering the
80—year history of the dam , it has performe d remarkably
well.

The left  abutment is of concern in the event of
severe overtopping. Depth of bedrock in this area is

not known. The foundation is indicated in plans to ex-

tend into rock for some distance beyond the crest of the

left  side of the darn , a factor which contributes some
safety. However, the abutment did suffer some erosion

damage in the 1971 flood and was apparently repaired by

placing compacted fill in this area.

Leakage through the dam does not appear to be exces-
sive , and the rate of flow is about the same as was

reported in several previous inspections . Seepage

through the right abutment has occurred for many years

but as long as the rate of flow does not increase , this

seepage is not considered to be a serious threat ~o the

immediate safety of the dam.

The dam is within 5 miles of what is believed to be

an extension of a seismically active fault. The hazard

that this condition represents cannot be assessed at

- 
- this time.

The emergency outlet is capable of draining the

reservoir in only 19 hours. However, access to the

outlet is difficult , the manhole cover to the controls

4 22
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is heavy and hard to move , the manhole is flooded , and

the gate valve is reportedly difficult to operate.

These con ditions would make eme rgency opera tion of the
outlet inordinately slow .

b. Adequacy of Information

Data are insufficient to evaluate the stability of

the dam , sinc e no informa tion is ava ilab le on the physi-
cal properties of the dam and foundation. Information

is also needed on the nature and operation of the outlet

valves.

c. Urgency

The manhole to the emergency outlet valve should be
dewatered and repaired soon . Other recommendations are
of a less urgent nature and should be implemented in the
near future.

k.. d. Necessity of Additional Data/Evaluat ion

An evaluation is needed of the hazard  represented by
the proximity of the dam to a f a u l t  which is believed to
be seismically active .

Corps of Engineers Guidelines require that , in
general , seepage and stability analyses should be on
record for all dams in the high hazard category . Althouqh

the structural stability and seepage characteristics of

the dam appear satisfactory , based on the visual inspec-

tion and the long history of satisfactory performance of

the dam , such analyses should be made along wi th  a seismic

analysis , if the aforementioned ‘valuation of seismic

hazard indicates that high ground accelerations could be

expected at the dam. The borings and laboratory tests

required for such analyses would also furnish needed in-
formation on foundat ion condi t ions  in the left abutment .

‘ - c
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Drawings and other information are needed on the

details of the outlets.

More detailed and sophisticated hydraulic and

hydrologic studies to more accurately determine the
spiliway capacity should be undertaken by the owner
within 6 months. Remedial action, as a result of
these studies, should be initiated within one year.

7.2 Remedial Measures

a. Remedial Work

It is recommended that the owner perform the follow-

ing remedial measures :

1. Drain and repair the manhole for the emergency

valve con trols . Clean out the drains o f the

manhole.

2. At the same time , check the condition of the

(Th emergency gate valv e and determine why the
a valve is so difficult to operate. Make any

necessary repairs.

3. Consider an alternative design for the manhole

cover over the emergency valv e con trols that
could be easily opened by one man.

4. To assure the long—term stability of the dam,

consideration should be given to repairing leaks

in the dam and seepage at the right abutment by

grouting. Also, any loose mor tar shoul d be replaced.
5. An investigation should be made to assess the

hazard represented by the nearby seismically

active fault. If a significant hazard is deter—

— mined, then a seismic analysis should be per-
formed , along with the seepage and stability
analyses that are norm ally recommende d for high

—•. hazard dams.

t 
—
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‘p  b. Operation and Maintenance Procedures

The following operation and maintenance procedures
— are recomme nded:

1. Regularly operate the emergency control valve
to check its performance and to flus h out any
sediments in the intake area.

2. Inspect the darn annually , lowering the reser-

voir to below the spiliway crest, and note
the location and amount of leakage and Seepage.

At the same time measure the total seepage
downs tream of the darn, and if there is any
significan t increase in flow , immediate steps
should be taken to determine the cause and
to ef fec t  repairs . Also inspect the darn and
abutments af ter any storm that resul ts in
overtopping.

~‘- 3. Perform timely maintenance work and keep
records of such work.

4.  Ins tall survey markers on the top of the darn
to monitor any future deflections of the dam.

5. Establish and imp lement a warning and evacu-
ation plan to provide adequate warning to
downstream residents. Also, surveillance

— of the dam shoul d be prov ided durin g periods
of heavy precipitation.

C 25
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Photo 3 - Seepage at
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- - .. , right abutment caus ing
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. . deposits.
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(December 4 , 1978)
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Photo 5 - View of
spil iway looking west .
(Decembe r 4 , 1978)
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Photo 6 - Valve chamber for  6— i n c h  ou t le t  on
le f t  i- ide of dam (Decembe r 4 , 1978)
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Photo 7 - 48-inch emergency outlet on right side
of dam. (December 4, 1978)
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Photo 8 - Granite slab cover over manhole housing
emergency outlet valve. (December 4, 1978)
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Photo 9 - Reservoir , looking toward west bank from
dam. (December 4 , 1978)
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Pho to 10 - Gaging station just  upstream f r om dam ,
I - showi ng high water mark of August 28, 1971 flood.

(December 4 , 1978)

_____ -- -~--~z:~ - - 3

- - - _ - ~~~~~~~ —-. - .—~~ -- 
~~~~~~~~ - -  - — ---- --~~—-——-------— — - -~~ —--5--—- ~~~ - -



- —- - - - -5- -5- -- 5--5-—~~ ---—---.--- - — ~~~“ - 5-. ,

u—I
U E
0- (4
0 - —  4%)

1-4
4-a

00 .’  Cl)
H

-‘ E
( 4 -  0

1-4

-7 ’  ~~~~~~~~ U

‘
~~~~~~ 

_ _ _

_ _ _  ~~1..

_ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~

-.

- - 

auur~~~
. 

_ _ _  

- - -

_______ -

_ _ _  
_ _  

I 

I)

I.L ~~~~~~~~~~~ - - 
;:- :~~

_ _ _ _ _

— -- A -  --- - - -a.—~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - - - 
;~j- 

~~~~



— — —-~n----- —— —~ -~~~~- ~~r —--,- ---- - ——-,---.— - -,
- 5 -  .—‘,- - .-‘--5— ,---- -‘- --- 

—
- 

-

—5- -5—---- - -5-- - ~~~~~~~~~~~~~~~—.-.- -- - - - - ---- .5-- --5—

‘F  

- -

APPENDIX C

REGIONAL GEOLOGY - HIGHLANDS PE~)VINCE
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REGIONAL GEOLOGY - HIGHLANDS P ROVINCE

Phy Si ography

The New Jersey Hi ghlands extend northeast-southwest
across the state from the New York border to the Dela-

ware River. Included in the province are the northwest

portions of Hun terdon , Passaic and Morris Counties and the

southeastern portions of Warren and Sussex Counties. This

province lies between the Appalachian Ridge and Valley

Province to the northwest and the Piedmont Lowlands Province

to the southeast (See Figure C-i) and is part of the larger
New England Physiographic Province.

The Highlands are characterized by rounded and flat-

j  
( . topped northeast-southwest ridges and mountains up to

1,400 feet high separated by narrow valleys. The orien-

tation of the valleys is usually , but not always, controlled
by the underlying geologic structure.

Bedrock

Bedrock of the region is predominently Precambrian
gneisses, schists and metasediments . Some sedimentary

rocks , typically sandstones , shales and conglomerate have
been infolded and infaulted into the valley bottoms .

The regional geologic structure reflects the very
old age of bedrock . A number of regional faults cross the

area in a northeast-southwest direction. The Ramapo

Fault scarp , forming the eastern border of the province ,
is more than 30 miles long. Faults also control many of the

river valley orientations.
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Mountain crests slope uniformly from northwest to
- 
~ southwest, a direct result of the fact that the entire

area was once part of the now dissected Schooley peneplain.

- 
- Overburden

Much of the province was covered by the Pleistocene
age Wisconsin glacier. The glacier stripped most of the
existing overburden and weathered rock and uncovered the
numerous hard bedrock knobs and ridges seen throughout
the province. Most of the side—slopes in the area

are covered with he avy boulder tills (ground moraine),
while glacial outwash and recent alluvium cover the

valleys. South of the terminal moraine extending from

Morristown to Belvidere, scattered remnants of earlier

stages of glaciation (Illinoian and Kansan) have deposited

ground moraine (glacial tills) over the bedrock. In
the valleys and over some of the ground moraine , recent
and glacio—fluvial alluviums have been deposited.
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APPENDIX D

PREVIOUS INSPECT ION REPORTS:

AGPAR ASSOCIATES , 1973
- 

STATE OF NEW JERSEY , 1951 , 1950 , 1928

H. de B. PARSONS, 1915
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A P G A R  A S S O C I A T E S  -
- 

- CONSULTJNG £NGtNUm5 C LAND $U~~V~~YO~~S 
-
- - - - -

* OSMUN PI.ACC 
- - - 

- -

~** M$(.(.S N~~W JtS*XY D~~ S3)

w1I.eaIcw PAOC. .5. £ P P. $DI-354-O4~ a SO•~~AN5 ~OUNOA?ION 1NSuNISSINU

SOUCUT N. FOX. P1. 
- SANS AND WATC S •U~P~Y

CU$ F ~4oUmAN .5 
WA ItS sese uectS .u*..,.uwe

714A00 - . - •5~~55~~55 05.u.. 05 & PI000 CDNYUO4____________ AUgUSt 31, 1973 SANS SUUD,VSUuCNS AND
- 

•TUCS?S AND Iu,DHWAY S
S~~ NC $T C. ~~~~~~~~~~ ~ - NVNuCIP~~. ~~~~S NS
MAINS 9 HOI. MAN. LU - - - 

- PaD VCUSSDNA ~ PS.ANN,NS

- 
- 

Somerset take arid Game Club - - 
-

8ox 351 - - - - 
-

Far Mi lls, Hew Jersey 07931 - - - 
- - - - -

Re: in~~ection Penort — Ravine Lake Oem - - - - 
- 

-

Gemf lemon: - 
- -

- - -

On Juno II . 1973 we completed our InspectIon of the Ravine Lake Dam . The
water surf ace elevation had been lowered to approxImately 2.0 feet bolow 1-he
crest of the spiliway. The valve, which had boon opened dur ing  1-ho preceding
days, was closed at 9:30 A.M. by employees of H. W. Aiwerd, Inc.

- Valve Operation - -

Operation of -the valve was very diffi cult-. Al- least two men, us?nq long handle
wrenches or bars, were required to devolop sufficient torque to rotate the va lve
stem. Even after twenty or thirty re-ta-Hone, its operation ret-iel ned very difficult .
When the valve was closed, It seated property without loakago.

?-hnholo Le~~~~ o

- The manhole housing the valve wos filled with water, apparently to the same level
as the i&~o. The manhole w33 dewatered to nearly its full depth by use of a
submersible pun p powered by compressed air. Leaka~yo Into the manhole was rapid ,end after about en hour I-P wns filled with wet-or ac~ein . We could not- locate any
drains on -Pho downstream face of the dam -to provide on outlet for this waler.

- Stability of Da-n

We examined -the dam and each abutment for signs of Instabtl!ty. W~ could find
no cracks, no indication of movement, nor any sign of i nstability whatsoevor.
There w~s no evidence of undercutt i ng 1-ho downstroeri toe nor of eros Ion at -the
base of 1-he abutments. There was some mInor erosion of the overburden on the —

east abutment near the top of -the dam. It was reported that -this occurred during
1-he storm of August 28, 1971. r
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Somerset l.ake and Game Clut~ —3— - 
- August 31 , 1973

or If at least a portion of it is caning from the take through
a crack in the abutment. Because of its strong smel I It 

- - 
-

would appear that It Is mostly sewage effluent, flowing
through a crack In the rock, from eerie point at a higher -- -
elevation. However, the rate of flew did appear to be - - - -
affected by a change in the lake level. I believe it is - 

- - -
imp9rtant -to recognize 1-he possibility of sewage outflow -

up~~ream from the dam , directly I nto 1-he lake.

f 5. After the valve had been closed for about two hours we
observed 1-he rato of flow In  the stream about fifty feet - 

- - -- -
below the dam. We estimated the re-i-a to be about fifty -

gallons per minute. El iminat i ng the estimated flow from -

the west abutment Cf If teen ga l lons per minu-to) It would
appea r that the tota l leakage through, around, and under
the dam is about 35 gallons per minute. This is a relatively
low re-fe of f low. It would appear 1-hat undorseepage is very
minor. 

-

6. There are minor teaks beneath and around the cooing clones -

on the top of the spiliway at several locations.

RECOb~4EHDATl O?.~$ 
-

I. Remove and replace loos e mortar around the cop ing stones on
the top of the dam.

2. Remove and replace loose mortar on the upstream face of the
darn near the water line. -

3. Remove and replace loose mortar at various locations on the
- downstream face of the dam as may be necessary. -

- 
-

4. Place end compact fill on the east abutment where It was 
-

washed out durin g 1-he 1971 storm. Topsoil and seed.

5. Remove debris and organic materiel on each side of the upstre am
f ace of the dam .

6. Lower the lake level to an elevation about seven tIe rs below
the top of -the dam. l nspoc-l- for lea kage and ma ke necessa ry

- repairs in dam near we-Ct end of welr. Although this leak -

is not serious, it would be best to eliminate it. - -

7. WIth the lake lowered, make whatever repair-s may appear necessary
to the penstock, valve, end valve box.

I- ~~~~
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- Somerset Lake and Game Club - 

- - 

—4— 
- - - , - 

AUgUSt 3? , l9;3 
-

a. Prior to towering -f-he lake, again  try to dewater the manhole -
for the main va l ve using a larger pump. Observe and - - 

-

- no-fe locations of significant leakage through the manhole -

- walls. Later, wiTh the lake lowered, make necessary repairs - - 
- - -

- to the manhole. 
- 

- 
- - 

- 
- 

-

9. Locate and clean manhole drains. - 
- 

- 
- - -

tO. - Observe changes In -the rate of flow through leak in wee-P 
- - -

- - abutment (sewage odor) as the lake is lowered. - 
- -

- II. Report 1-his apparent sewage outflow to the Peapack and 
- - - 

- 
-

- Gladstone Soard of Health and the New Jersey Department of -

- Environmenta l Protection. 
- 

- 
-
- 

-

- — -
- 

-

I-f is our opi n ion that the dam is stable and generally in good condition. Leakage
is minor end does not affect the safety of the structure. We do suggest that you
direct your attentIon to the above mentioned reccnvnendat?ons.

() - - Very truly yours, - -

- 
•

APGAR ASSOC I ATES 
- - 

- 

- -

. 
- - 

- Robert I-f. Fox, P.E. -

- !61F/nh -~ - 
- - - 
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•tatx of !‘tui 3!,rnrg
DEPARTMENT OF CONSERVAT ION
AND ECONOMIC DEVELOPMENT 

520 E. State St.CNARL U ~~. UmOMAN . JL . COu..i. ...Nim- •.vt.iot. 0P - ________________

WA~*~ POi.ICY AND SUI~~.V
N. ?. C*ITCNI.OW. O.~ cY.a

- - - - . - . - -~~~ -
- - - ~~ne~~,1951 

- 

-

I~~~. Clarence V. S. ~~ tcheU, Director -
Ravine Assoc±at±on
d o  C~oat., L!itc~-te11 & Ely -
i~1 Broad Streetflew Toric It, fi. Y.

Ret Ravine Lake
Darn lie ,- 2~-~1t — So.’r.erset County

o -

In accordance with your letter of ?~ay 10, 1951 an inspection
- of the dan at ~lavine take ‘iraa made br an engineering representa-

tive of this Div±aton on Mey 21t, 19~1.

The inspection disclosed that the dan was in a sound str~c—tural condition with no evidence of 1ea-ca~e under or around the
dam.

Tours very- truly,

- H. 7. Critchiow
Director and Chief Engineer

- 

-

•

_ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- DEPARTMENT OF CONSERVATION
O(V~~10N ~. AND ECONOMIC DEVELOPMENT *s ~~~~~ YAYI S~ N*I~

WA?~~~ POUCY AND SU~~ LY CNA5~ ZS N E~ DMAN. JL. C~~UN~ISI.M~* 
YU CNYON S

-

-

- 
/ - 

-
~~

- - :-- - - : - - - - - - - - - 

i~~~ roh 16, 1950

~1r. Clarence V. S. ‘4tcheU, Sec .tary
Tb. Ravine Association -

d o  Choate , ~itchell ~ Ely 
-

lii Broad Stre et
New York L~. New York

Ret Ravine Lak,, Dan No. 2S—5L1, Somerset County
- Dear Sirs

Yew- letter of Februa ry 27, 1950 addressed to the Division
( of Fish and Gan. has been re±err ,d to tnts offic. as a s*tt.r

certatnlnç to this Divis1~n.

Please be advis ed that an tn s veot t o n of the darn at Ravine
Lak. ~ s ~sde on October 25, lSLt9 by .n~~tne.rin~ r.presentattv, s
of thi s Dt vt sion. The insr ,ectt on disc losed that the dan R~cearsto be itt f irst-class structural condition. Ther. is no •vtd.nce
of leakage through or under the dan.

Yours very truly,

H. 7. Crttchl~vDirector and Chief Engineer

I ~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- Deoether 6, 1928. - 
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Report on barn Inspection . - . 
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- Dam lJo.25—54 -

- 
- - 

- 

. - 

- 
Locetion 25.22.2.9.2 

-
-
~~ 

- -. 
- 

- At the request of Colonel Y. S. Tainter, in.. -speettons were made on ~ove’t’ber 20 and 1 ovember 24, 1928- of the Somerset Lake and ~eme Club don on the ~orth
- Sranch of ~aritan River neer For MiUs, ~omez-set County,- New J~?sey. This dam is known as ~-ovtnc Lake and was -

constructed under Colonel Teiriter’s d-Lrection and completed- in 1898. The purooso of the tnsnections was to detern~ne
- - - - the conditi on of ~he structure. -

- 
- The darn is a ~ravtty section masorr~,’ structure,

- cux’vód in plan and founded on ledge rock . The feces are
- - or dimension stone laid in cement mortar, the core is -

- reporte d to be of cyc1o~,ean concrete. The upstream face
- - 

is vertical, the dovinstroam face ste ,ed.
- - 

The dam is 35. feet h1~,h and 271 feet long; 
t~~3

- feet of the top is depressed from 3.5 to 4 feet, forming -
- 

- - a spiliway but the entire structure ~s reported to have - -

- 
-
- 

- 

- been overtopped to a depth of 18 inches without damage.

- On the mor ning of - Nove~ber 20 , 1926 , the 48-Inch
- 

blow— off gate valve at the right end or the dam was slowly
- 

- - - - 
- opened to full opentn~ . This valve is A water Work s type

- 
- - - bronze moun ted cast iron ~ate -valve set wtthtn a manhole- - 

- 

- 

- - in the dam end operated by an extension stern reaching the -

- top of the darn . The valve o~erated perfe ctly. V~hen the
va lve was f i r s t ooened a snall amouflt of black silt was
discharged and during the first few -~inutes of full open

- discharge black stlt was discharged internlttantly but
- 

- the total amount was snail.

Upon the first view of the darn with 0.5 foot of
- water passing ovcr the lo~iest portion of the spiliway, two

- small- leaks were noted. The first leak cov~es through the
; masonry four feet below the to~ of darn at the intersection

- - of the downstream face with thc ri~ht bank. Leakage also
- appears to com e from the ledge rock In the ri~ht bank down

to a point 12 feet below the top of dam. The w~~te~ dIsc’~er~ed

— ~~~~~~~~ -~ - — — 
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t~ perfectly clea r end sma ll in ft oumt . Thts leek ist ns t gnt f t c an t  end does not ertdnrtgor the stebt .ity of thedarn . ~fhn ~eoo9d lcn~ sp~ears as eeopa —e , leaving on-
- - 

- - iron stit~~ on the face of the reto1n:n~ wall at the pume 
-

• house penstock at lef t  end of th.~ den. It is LnSt nifieant- -
- a lyl may come from the poistock.

- .Then the mond lovol had been drawn b~1o’v thea*illwey a~.d the downstream face of the darn had dried off,a ct& r eful c ’ ~~n~tlon was made of the esonry. ::o leakswere found nnd the mortar in masonry joints woo found toI be he rd and sound. Grase and weeds have grown out on the - - 
-

~fl steos of the downstream face at both ends of the dam.U This material should be removed and the joints behind 1t~be raked out and repointed .
- On November 24 , 1928 , when the second inspect ionwas made, the pond level had been drawn down to 12 feetbelow the sptllwa; ~nd the upstream face of the dam wasexamined. The pointing of the masonry below the water linewas found to be in e~tcollent condition . The mortar 13 hardand sound and can be broken out with a han ~ner only withdifficulty. 

-

( At the fl ow line and on the face of the parapetwall above the flow line there are places where the pothtin~mortar has become loosened and a few places where it has fallenout. The upper five feet of the dart ohou1.d be gone over esro—fully wi th the hammer next spring and all loose point~.ngmortar be removed and the masonry j oints be repoi nted. -

The leaks noted on ~ overnber 20 when the ror.d wasfull were stopped by di—o~ping the wa ter level 12 feet . .
The pool at  the downstream toe of the dam couldnot be unwa tered conveniently and on Tovembor 24 Colonel

Tainter’s men were making a careful survey of this pool bymeans or sound in~s. This work was done at the ~~~itor ’sr eqnest. The re~u 1ta are now at hand and show the lowest
- - elevation of the rock bottom of the cool to be 177. The - -

base of darn masortr;’- is reported to be at elevation 170~~~.There is no evidence of undercutttn~ of the da~ foundationnor of erosIon of the ledge rock at tho downstrecn toe of
the dent. The normal depth of water In the poo l 13 7 feet
oroviding a satisfactory cushion to receive heavy flows
over the spiliway.

The results of these inspections of the Ravine
Lake darn show tha t the structure was well planned and
admirably constructed. The preaer.t condition of the structure
is excellent and with the minor re~atrs in the way of re—
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- potnttn! above mentioned the darn should remain unim~ared
- 

in density sad stability fo~ ma ny ~~ars .

- 

- 
John N. Srooks,

- ltydrauUc ~r~ tneer .

- - 

Trenton , N. .T,,
- Dec~~ber 6, 1928. 

-

- 

- 

- Report reviewed by

H .  T.  Critchiaw, -

~~
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: 28th June , 1915. 
- -

- - :- - 
-

- 
- - - - - -

- - 

- 

-

- - The Ravine Asoociati on , - -~~~~~~
- 

-

i/o Percy B. Pyne , Esq., 
- 

• I
30 Pins Street , - ~ -

- 
- Xcv York City. - 

-

- Gent1.~en:..
- In co~~1iance -‘vith the re quest of Yr. Percy R. Pyne ,

I h&’Vi had an examination mad e of your Darn by r~y Assistant Engineer,

Yr . David C. Johnson , on 18th June, 1915, and be~ leave to report
as follow. .

j~!’C~IP’rrow. - .
- 

The ~)am is located across the North Branch of the

- Rar itan River and was constructed about sixteen years a~o for the

Purpose of impounding a lake for scenic and other reasons. 
- As

- 
Qurv~y~ or drawings for the Darn wer. not submitted to us, the

~easu.-4,~~t. mentiened below are only approximate. ThO5$ .1

were made on the fl~~ under SOme difficulty at  the time
.. Of it~ x~minatj on.  

- 

- 

-
~~

¶ 
-

- - - - - - - -~~~~~~~- - -  - -
-

- -

-
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The Dart is about 276 feet en the crest., There is

a spiliway at the center 25 feet wide, with its crest 6 inches p

lower tha n the crest of the main Darn . At each end , the Darn is

built up about 3 feet 6 inches above the main crest. The Darn is

~s~ut 34 feat 6 inches in het~ht , as measured to the crest. The

- 
- cres t ~s about 2 feet 8 inches above tailwater , ar.d about 22 feet

above the mud de;oatt against the upstre am face. The width of

the D~ rt at the base ii about 25 feet 10 inches. In plan, the

‘~ m ii arched to a. radiu s of 500 feet. -

The Darn is cc’nstru cted of ashlar masonry, with cut ~
- . 

-

~oint a and rock faces . The upstream face is approximately

v~rt1cw t, ~nd the downatreaj a face is built in steps varying from

24 inc’~es in height at the- toe to 17 inches at the crest. The

stone is a species of gray ~ranito. 
-

The Darn is not built in exact accordance with the

speci’icationa which you showed me dated 28th ‘Jay, 1~98, although

the stone—work app ears to follow the specification s very closely. ~~~—

It is , t~i.~re for e , probable that the interior of the Dart is built of

rubble concret. and that the ashlar masonry is only a facing. - I
The Dart ha.a been found ed en an igneous rock,

pin kish , coarse , and gr anitic in cha racte r . This rock is 
- 1.

probably a dike formation , and is in layers with cleavage—planes

at irr ea ’ilar an gles. It is to be presumed that the Darn is

well ‘ound ed en the rock. The rock is strong for foundation

purposew. The seams are its chi.f faul t , as water mi.ht pas s

- .- 
-~~~~~~~~•- -  
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~~~~~~~~

- - -- - - -
~~~~~~~

- - . -  
~~ ~~~~~~~~~~ -~ — - - — ~~ ~~~ -- - 

- 
~

-— -
~~~~

“
~~~~



______ - 
~~~1TIIT~~~ — - -

. 3 —

through thea unless th.y have been well stopped during the

- 
construction of the Darn,, -

The plan , ~tevttion , and cross—sect ion are shown on

the aeeempa.nying diagrams , and the structure is well illustrated

- 
b-v the photoc-ra.phs annexed hereto.

V

The drainage area above the Dam is 24.4 square miles.

Ass~nsing a rain-fall of 9.4 inches in 24 hours, with a run-Oft Of

90 per cent ., there weuld be a flow ever the Darn of 5550 cubic feet
- per second. This flow would corre spond to 5 feet of water

- ttowin, over the m*tn crest. ) have calculated the strength of

-
- 

the e ’ueture as a gravity section , assumin g a. height of water Of

5 feet 6 inches above the main crest. This calculation shows

- that the Darn is stable. ~?ndoubtedly, the arched shape does

mater ially add to the stability of the struct ur e, and it is to be

~~ . preeurned tha t the original design took consideration of this fact.

~~~~~~~~
Titer, is a, leek on the west bank near the 48.inth

pipe through the Darn. This leak has an approximate flowage of

thr.-. ‘aliens per minute. The water appears to issue from a
91s,-j r, in the abutt rten t re ek , and probably is seep ing throuph a

seam ~h1cb the builders of the 1)u~ tailed to properly close, As

th . --o ck is ~irrn, I do not eonsid .~ that this leek creates any

d c——n t  of ~~in ,sr and it dome not ‘lye tn — i i ca t t o n  o~ lia” t i ity

to tnc ~ .ae~ .

___________  - — -- -~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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- On the stat bank there is a leak through the lower

- r.tainin~ wa11~ * The water is seeping throu gh two places in the

Joint, of the retaining wall , with a flOwa~e of about four ~all~ns

- 
p.r minute. It was not possible to trace the orl”in of this

leak , tha t is , whether the water came through a fissure in the -ç
rock un4er the Da~ , or through the masonry of the Dart. There

is no indicati on that this leak w iL l  create da mage beyond the

- : throwtn.~ of a portion of the retaining wa3.i out of position due tO
toe action of frost.

There ar, leaks through the joint beneath the

- 

copin r stones on the crest of the Tart. These leaks appear to i ~

com e t ’-~rcw~h defects  in bondin g thy copin g stones to t:~e masonry of

- the Dan, owing to the difficul ty o’ m.~king an unbroken horizontal

Joint water tight. Probably expansion and contraetton have

aided to break the jointing bend of the cement .
- Th. main body of the Darn appears reasonably tight,

although there are a few places where water seep s through. These

leaks are difficult to trace on accv~unt of the water trickling down

from the joint beneath the coping stones, mentioned just above.

~cI 0NS~

It is rty opinion that the Darn is stable , and is

sufflci.ntly strong to resist the water pressure that mirht be

brou” t agotnet it by even extraGr’~tnary fresheta.

We were thformsd tha t it is your -practice to keep

i 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~ the ice cut and not permit the water to freez e solid hack of the

crest of the Darn. This is a good precaution and one to be

approved. - -

~~~~~~~~~~~~~~~~~ t~~~TJ O1
~~~ .t

I woul d sur geet , when the water in the lake is
- drawn off , that the poin’Ung on the upstre am face be examined , and

that all places , which show evidence of being open, be carefully

grouted and rs ed with cement mortar. -
- -

Also, that especial attention be given to the joint

b .neatk th. coping stones, so as- to prevent water from flowing

through~ - -

Also, tha t the reck abutt rn ent e be examined and any

seams or fleawee in the reck be stopped with hydrauli c cement
- -

mortar . - !:~‘

I do not consider that the lake need he dra wn off ,

at the present time , solely for this purpose , but rather that

advanta ,. be taken of the oppor tunity when the lake is drawn off

for any reason.

Tour s respectfully,

-

. 

&— _ __
~
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